Measuring the performance of solar architecture for peri-urban villages by Goodfield, D. et al.
Measuring the Performance of Solar Architecture  Goodfield 
Measuring the Performance of Solar Architecture  
for Peri-Urban Villages 
  
D Goodfield, M Anda, R Hammond and K Mathew 
Environmental Technology Centre 
Murdoch University 
AUSTRALIA 
E-mail: manda@murdoch.edu.au  
 
Abstract 
This paper concerns an investigation into the energy efficiency of prefabricated lightweight houses for 
peri-urban villages in the Perth Metropolitan region. The focus is the thermal performance of five styles 
of building owned and developed by National Lifestyle Villages Pty. Ltd. known as ‘Park Homes’. The 
selected dwellings were unoccupied for the period of investigation and situated within two of the 
company’s villages -four situated at Pineview Lifestyle Village and one at the Lake Joondalup 
complex, both in the suburb of Wanneroo some 20 kms north of Perth. The NLV buildings themselves 
are prefabricated off site and brought on site in two halves for final assembly. The frame is constructed 
of steel, which is clad with fibre cement boarding and roofed in zincalume sheeting. This report shows 
how the different styles of buildings performed under the same external conditions. The buildings were 
constructed without consideration of solar passive design principles but wall insulation was installed in 
the Pineview homes. This investigation has highlighted the need to improve thermal performance and 
energy efficiency through the use of solar passive design principles and other energy conservation 
measures. Consequently, at the new Bridgewater village currently under construction the buildings 
have been designed using solar passive design principles as well as wall and underfloor insulation. 
Thermal performance data will continue to be gathered during summer peak temperature and solar 
radiation at Lake Joondalup and Pineview villages as well as the new solar houses at Bridgewater. 
Recommendations are made for housing in proposed future villages for other improvements such as 
innovative means of increasing internal thermal mass. 
 
1. INTRODUCTION 
 
Design of buildings incorporating environmentally sensitive design has been known by many cultures 
for thousands of years. Scientific aids, as well as the application of good design can be applied to 
building construction to minimize the effects of the summer sun and maximize its power during the 
winter months (Bartle, 1998). Consideration must be given to Passive Solar Principles to achieve 
optimum energy efficiency in building construction: 
 
1.1 Passive solar principles 
 
Orientation: All the monitored buildings were located along either a north-south axis or one that ran 
east-west. The buildings were unoccupied during the monitoring period and all doors were left open. 
This essentially created one large internal space and which was monitored at its north and its south 
poles. None of the buildings received shade from trees or structures not forming part of the buildings 
themselves. 
Glazing: All windows had vertical blinds installed. All the blinds were left half open and all the windows 
were left closed.  
Insulation and thermal mass: Thermal conduction and heat transference of construction materials 
vary. The thermal Insulation data in respect of roof/ceilings and walls in dwellings is available in the 
Australian Standard AS2627.1 Part 1 (Walker, 2004). An aid in the design of energy efficient homes in 
the Perth region is found in the Energy Efficient Housing for Perth available from the Office of Energy 
(DPIE, 1997). 
Ventilation: All doors and windows were kept closed in all buildings at all times where possible. 
Zoning: Zoning was not considered in this study, although this is necessary for improved performance 
in the future solar houses. 
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2 MONITORING METHODOLOGY 
Two Thermochron (2004) i-button temperature data loggers were installed in each of the selected 
buildings. Installation points were selected inside the building on the north-facing and south-facing 
sides at the top of the internal window frame. An external logger was placed in a shaded area above 
the doorframe on the outside of one building. The loggers were activated by computer and left to 
record temperatures for over approximately five weeks, after which the data was downloaded to a 
laptop computer. The loggers were then recalibrated and left in position to continue recording 
temperature data. The following settings and assumptions were made: 
• Buildings were of similar construction and therefore had similar thermal mass. 
• Although the colour schemes on the exterior of the buildings differed, this did not significantly 
vary the reflectivity of the sun’s radiation. 
• NLV salespersons, when showing the unoccupied dwellings to prospective customers, did not 
leave doors and windows open for any length of time. 
• The vertical blinds, particularly in windows on the northern elevation, were all drawn (half 
open) to the same extent. 
• Glazing areas were all similar. 
 
3 RESULTS 
The data was downloaded from the loggers to a database for analysis. A graph of the internal 
temperatures recorded by each logger against time was then compiled from the overall data taken 
during the observation period. This was then overlaid by a graph of outside temperatures for the same 
time period, examples of which appear in Figures 1 and 2. A complete set of graphs for covering the 
results from all five dwellings, to show the internal temperature as compared to the outside ambient 
temperature, is available. 
 
Figure 1: Temperatures from Lake Joondalup sample building from 15th September to 26th 
October 2004. 
LAKE JOONDALUP LIFESTYLE VILLAGE
No.41 - style Saffron.
South-facing Living Room
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Further analysis of the data was then conducted. Given the parameters of thermal comfort being 
between 18 deg C and 28 deg C, each recorded temperature was given a value – 0, if the recorded 
temperature was above or below the agreed parameter, and 1, if it was within. A complete table, to 
show the proportion of time the temperature within each individual building remained within thermal 
comfort levels, is shown below in Table 1. This table allows comparisons to be made between the 
various buildings and conclusions drawn. 
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Figure 2: Temperatures from Pineview sample building from 15th Sept to 26th Oct 2004. 
PINEVIEW LIFESTYLE VILLAGE
No.91 - style, Peppermint #2
South-facing Living Room
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Table 1: % time internal temperature within thermal comfort limits (18 C to 28 C). NB Shaded 
rows in Figures 1 and 2. 
Address Style N/S or 
E/W 
Axis 
No Entries 
within Thermal 
Comfort Zone 
(TCZ) 
Total No. 
of Entries 
% of Time 
Within 
TCZ 
Comments 
28 Pineview; 
South-facing 
bedroom 
Canterbury 
Star 
E/W 1105 1962 56  
North-facing 
Kitchen 
Canterbury 
Star 
E/W 1081 1960 55  
91 Pineview; 
North-facing 
Bedroom 
Peppermint #2 N/S 1023 1963 52  
South-facing 
Livingroom 
Peppermint #2 N/S 978 1963 50  
120 Pineview; 
North-facing 
Livingroom 
Hawthorn E/W 985 1963 50  
South-facing 
Bedroom 
Hawthorn E/W 215 607 36 
 
 
Only first set of 
readings recorded. 
121 Pineview; 
North-facing 
Livingroom 
Mulberry N/S 687 1610 43 Recording ceased at 
8am 16/10/2004 
following handover to 
purchasers. 
South-facing 
Bedroom 
Mulberry N/S 734 1610 46 
 
Recording ceased  at 
8am 16/10/2004 
following handover to 
purchasers 
41 Lake 
Joondalup; 
North-facing 
Bedroom 
Saffron N/S 238 610 39 Only first set of 
readings recorded. 
South-facing 
Livingroom 
Saffron N/S 839 1964 43  
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4 DISCUSSION 
 
From the temperature monitoring of the 5 houses Figures 1 and 2 and Table 1 highlight the 
differences in thermal performance of the older and newer generation of houses at Joondalup and 
Pineview houses respectively. Table 2 lists the findings from the monitoring period to date. 
 
Table 2: Findings from the temperature monitoring 
Style Floor 
Area 
(sqm) 
Average of 
N/S & E/W % 
within TCZ 
Findings Further Observations 
Canterbury 
Star 
Pineview 
147 55.5 Best thermal efficiency probably due to 
E/W orientation.  
Similar floor area to the Peppermint #2. 
Performed better in thermal comfort % 
due to E/W orientation which allows more 
effective winter solar heating. 
Northern elevation totally 
exposed – car port on south 
side. 
Better ave. TC % when ave. 
ambient temps rose. 
Peppermint #2 
Pineview 
152 51.0 Performed second best.  May have improved in ave. T.C. 
% if manhole had been in place. 
Hawthorn 
Pineview 
147 43.0 In comparison to the Canterbury Star (= 
floor area and thermal mass) performance 
significantly lower. At best if southern 
aspect logger had been fully functional 
likely ave. T.C. % would have been <48. 
The data from the southern 
logger for last 2/3 of readings 
was corrupted. T.C. for first 1/3 
time was 36% probably due to 
ave. temps being significantly 
lower for that period. 
Mulberry 
Pineview 
88 44.5 Worst thermal performance of the four at 
Pineview but still better than a larger 
dwelling, the Saffron. 
Shows the benefits of wall 
insulation. 
Carport on western elevation 
produced shading. 
Saffron 
Joondalup 
93 41.0 Significantly the worst performance in ave 
TC %. 
No wall insulation a factor and 
shading carport on western 
elevation may contribute to poor 
performance. 
 
Overall houses performed poorly, ie generally only 50% of time within thermal comfort zone, due to 
their lightweight construction, ie low internal thermal mass. 
 
It is evident that the Pineview homes are marginally better than the Joondalup house in terms of 
thermal performance. More Joondalup houses are needed to have a fully representative set of data 
but nevertheless it is clear that the inclusion of wall insulation at Pineview accounts for better thermal 
performance. 
 
It is also evident that E/W orientation, although not intentional as part of some solar town planning 
strategy, does provide better thermal performance also. 
 
All buildings performed better, in terms of average % of total time within the thermal comfort levels 
(TCZ), from 16 October onwards when the average ambient temperature rose several degrees. 
 
Until further analysis is done under summer conditions, it is somewhat speculative to come to the 
conclusion that the thermal comfort levels will exceed the maximum limit of 28 deg C. Monitoring will 
continue through the summer but one can be certain that under control conditions of no occupancy 
and no air conditioning the houses will perform poorly. 
 
5 CONCLUSION 
 
Houses at the existing NLV villages generally have poor thermal performance due to low thermal 
mass construction and no solar passive design features. 
 
Houses at Pineview performed better than those at Joondalup due to the inclusion of wall insulation. 
 
Correctly orientated houses also performed better. 
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The following recommendations are made for the existing buildings and can also be applied to future 
design and construction of these lightweight houses: 
• In existing buildings insulate any uninsulated external walls with chemical expanding fire 
retardent foam. 
• Insulate all ceilings.  
• Clad underside of roof joists with alfoil sarking felt to reflect sun’s radiation. 
• Minimize any openings in limestone external cladding below floor level. Care to retain 
adequate ventilation. 
• Erect window awnings for shade where practical particularly on east and west elevation 
windows. 
• Use of sail shades where possible, particularly on north and western elevations. The 
positioning and angles of erection will keep summer sun out and allow the winter rays through.  
• Erect solar pergolas on northern elevations to keep summer sun out and allow warming winter 
sun through. 
• Plant fast growing deciduous shade trees where possible in the north facing gardens and wall 
creeping species on the northern elevation. 
• Ensure the eaves of the buildings are adequate, generally 500 - 750 mm. They can provide 
essential shade in summer. 
 
The following recommendations are made for future design and construction of these lightweight 
houses: 
Increase internal thermal mass through cost-effective innovative techniques such as tilt up concrete 
walls or rainwater tanks. 
Apply standard solar passive design techniques consistently including street and lot layout to 
maximise winter solar access, correct placement and protection of windows, zoning and insulation. 
Apply some active thermal techniques such as trombe walls, window solar air heaters, geothermal 
cooling. 
Extensive landscaping with correct tree placement to optimise shading and wind shelter throughout 
the village. 
 
At the new Bridgewater village currently under construction the layout plan allows for 100% solar 
access, there wall be E/W orientation of all houses, wall and roof insulation in all houses, and a variety 
of the above techniques applied. All energy use will be metered. Temperature monitoring will 
commence in December and a detailed comparative performance assessment will then be possible to 
determine energy efficiency improvements above the previous 2 villages. Further improvements will 
then be built into future villages at Busselton and High Wycombe with land acquired and currently in 
the planning stage. 
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